INTRODUCITON
============

Epithelial ovarian cancer (EOC) is one of the leading fatal gynecologic malignant tumors, resulting in 184,799 cancer deaths worldwide 2018 \[[@B1]\]. More than 70% of EOC patients are diagnosed with advanced diseases. Despite most of the patients have initially good response to platinum-based chemotherapy, majority will be suffered with continuous recurrences unfortunately and the 5-year overall survival (OS) of EOC remains poor. Chemotherapy is usually offered to recurrent patients, with a palliative intent. For platinum-sensitive recurrence with treatment-free interval ≥6 months, carboplatin in combination with paclitaxel, gemcitabine or pegylated liposomal doxorubicin represents the main treatment regimens, being repeated as long as the patients remain platinum-sensitive.

Secondary cytoreductive surgery (SCR) is a practical, but controversial option for platinum-sensitive recurrence. Mountains of retrospective and pooled studies have shown that SCR superiorly improves OS in platinum-sensitive recurrent patients, compared with chemotherapy alone \[[@B2]\], and complete resection is the strongest prognostic factor \[[@B3]\]. There are 3 randomized phase III trials focused on the survival benefit of SCR in platinum-sensitive recurrent ovarian cancer (OC) (Gynecologic Oncology Group \[GOG\]--0213 trial, Arbeitsgemeinschaft Gynäkologische Onkologie \[AGO\] Descriptive Evaluation of preoperative Selection KriTeria for OPerability in recurrent ovarian cancer III \[DESKTOP III\] and Shanghai Gynecologic Oncology Group SOC-1 \[SGOG SOC-1\] trial) \[[@B4]\]. Recently, GOG-0213 did not show a survival benefit of SCR followed by chemotherapy compared with chemotherapy alone \[[@B5]\]. However, the patient selection criteria are different from the other 2 trials, which is only deemed by the investigator to be amenable to complete gross resection \[[@B6]\]. While, DESKTOP III trial selects possibly resectable patients by using the AGO model that includes 3 factors: 1) complete resection at first surgery, 2) good performance status, and 3) absence of ascites. The interim analysis of DESKTOP III reported a significantly increased progression-free survival (PFS) in favor of SCR followed by chemotherapy, with the complete resection rate of 67% \[[@B7]\]. SGOG SOC-1 is a multicenter, randomized phase III study of SCR followed by chemotherapy (surgery group) versus chemotherapy alone (no-surgery group) in patients with platinum-sensitive recurrent OC in China, in which a pooled study-validated iMODEL score of less than 4.7 is considered as low-risk for complete resection \[[@B8]\]. Censored on 1st March 2018, 32% of the patients in no-surgery group received secondary surgical treatment because of the patients\' choice and doctors\' choice, among which 60% were due to the secondary recurrent disease in the ongoing SOC-1 trial. In China, SCR has been standard of care for OC in some high-volume cancer centers and most patients prefer surgery over the past two decades. The Data Monitoring Committee of SOC-1 concerned about the high rate of treatment switching that might be an important confounder for the final analysis of efficacy, and recommended a further exploration on it. Therefore, in the subsequent SOC-3 trial, we aim to validate whether those patients who did not receive SCR can still benefit from the next surgery when the secondary recurrence happened. To our knowledge, there were no any published or ongoing studies to address this issue.

Polyadenosine 5′-diphosphoribose (poly\[ADP-ribose\]) polymerase (PARP) inhibition is a novel approach to targeting tumor with deficiencies in DNA repair mechanisms. PARP inhibition treatment takes more and more important roles in recurrent OC clinical practice. Niraparib is a potent PARP inhibitors (PARPi; PARP-1 and -2) that has been developed as an oral therapy, both as a monotherapy (including maintenance) and for combination with other anti-cancer agents. National Comprehensive Cancer Network guideline recommends niraparib as a maintenance therapy for persistent disease or recurrence if partial or complete response after chemotherapy. Therefore, we added niraparib maintenance in both treatment arms to balance the possible bias of targeting therapy. On the other hand, SOLO1 study showed that the survival benefit of olaparib was more prominent in patients with complete resection in first-line setting \[[@B9]\]. We suspected that PARPi might result in a similar effect on recurrent patients with complete resection. In addition, NOVA study demonstrated that niraparib maintenance significantly prolonged the PFS compared with placebo in platinum-sensitive relapsed patients with partial or complete response after chemotherapy, among which 40% were secondary recurrence and more \[[@B10]\]. We hypothesize that patients with stable disease after third-line chemotherapy can benefit from niraparib maintenance as well, but the safety and quality of life (QoL) should be carefully assessed. Data from Caucasian ethnics suggested that high-risk patients with baseline body weight \<77 kg or platelet count \<150×10^9^/L have a higher incidence of platelet count decreased when receiving a starting dose of 300 mg once daily \[[@B10]\]. The pharmacokinetics profile of niraparib in Chinese patients is consistent with that in Caucasian patients \[[@B11]\]. In this trial, we use 200 mg once daily as a starting dose for majority of patients, while 300 mg once daily for those whose weight was ≥77 kg.

Therefore, we firstly start the SOC-3 trial in platinum-sensitive secondary recurrent patients who did not receive SCR when recurrence and complete resection seems feasible, to evaluate the efficacy of cytoreductive surgery combined with niraparib maintenance.

METHODS
=======

1. Trial design {#sec1}
---------------

SGOG SOC-3 is a multi-center, open, randomized, controlled, phase II trial of secondary cytoreduction followed by chemotherapy and niraparib maintenance (surgery group) versus chemotherapy and niraparib maintenance (no-surgery group) in patients with platinum-sensitive secondary recurrent OC. Eligible patients with platinum-sensitive, secondary relapsed epithelial ovarian, primary peritoneal, or fallopian tube cancer are randomly assigned in a 1:1 ratio to receive either cytoreductive surgery followed by 6 cycles of chemotherapy and niraparib maintenance (surgery group) or 6 cycles of chemotherapy and niraparib maintenance alone (no-surgery group) ([Fig. 1](#F1){ref-type="fig"}).

![Study schema.\
CR, complete response; OS, overall survival; PD, progressive disease; PET/CT, positron emission tomography--computed tomography; PFI, progression-free interval; PFS, progression-free survival; PLD, pegylated liposomal doxorubicin; PR, partial response; SCR, secondary cytoreductive surgery; SD, stable disease; SGOG, Shanghai Gynecologic Oncology Group; TFI, treatment-free interval; QoL, quality of life.](jgo-31-e61-g001){#F1}

Recommended third-line chemotherapeutic regimens are as follows.

1.  1\. Carboplatin area under the curve 5/paclitaxel 175 mg/m^2^ every 21 days, 6 cycles.

2.  2\. Carboplatin area under the curve 5/docetaxel 60--75 mg/m^2^ every 21 days, 6 cycles.

3.  3\. Carboplatin area under the curve 4 day 1/gemcitabine 1g/m^2^ day 1, 8 every 21 days, 6 cycles.

4.  4\. Carboplatin area under the curve 5/pegylated liposomal doxorubicin 30 mg/m^2^ every 28 days, 6 cycles.

Patients who complete at least 4 cycles of chemotherapy and must be, in the opinion of the investigator, without disease progression (complete or partial response, or stable disease according to response evaluation criteria in solid tumors (RECIST) 1.1 or Gynecological Cancer Intergroup (GCIG) criteria \[[@B12]\]) will be assigned niraparib tablets p.o. 300 or 200 mg daily. The starting dose of niraparib needs to be set according to the patient\'s baseline data of weight and platelet count. If the baseline body weight is ≥ 77 kg and platelet count at baseline is ≥ 150,000/µL, the patient will be given niraparib tablets p.o. 300 mg once daily; otherwise 200 mg once daily will be provided until disease progression. All the patients should initiate niraparib treatment within 8 weeks after their last dose of platinum-containing chemotherapy (last dose is the day of the last infusion).

This study is initiated by SGOG, with currently 7 centers from China. The trial has been approved by the ethics committee of Zhongshan Hospital Fudan University and registered at ClinicalTrials.gov ([NCT03983226](http://clinicaltrials.gov/ct2/show/NCT03983226)).

2. Patients {#sec2}
-----------

Major inclusion criteria are platinum-sensitive, secondary relapsed epithelial ovarian, primary peritoneal, or fallopian tube cancer (EOC, primary peritoneal cancer, fallopian tube cancer), which is defined as those with platinum-free interval of 6 months or more; age ≥18 years; written informed consent provided; Eastern Cooperative Oncology Group performance status 0 to 2; never received SCR when recurrence; a possible complete gross resection of all recurrent disease, as assessed by an experienced surgeon or investigator. It can be included if single lesion outside the peritoneal cavity can be resected. Previously received maintenance therapy is available. Positron emission tomography--computed tomography (PET/CT) was highly recommended to evaluate the possibility of resection. No more than 3 disease lesions were detected by the central-reviewed PET/CT if the participated center never participated in any surgical trials on OC before.

Major exclusion criteria are borderline tumors and non-epithelial ovarian malignancies; complete secondary debulking surgery when recurrence; planned interval-debulking, or second-look surgery, or palliative surgery; impossible to achieve complete resection or impossible to assess resectability; received more than 2 chemotherapeutic regimens, regardless of maintenance therapy; third recurrence or more; secondary invasive neoplasms who have been treated by surgery, if the treatment might interfere with the treatment of relapsed OC or if major impact on prognosis is expected; progression during chemotherapy or recurrence within 6 months after second-line platinum-based therapy; any contradiction not allowing surgery or chemotherapy or niraparib; any significant medical comorbidities that will increase perioperative risk (estimation of investigator); any medication induced considerable risk of surgery; ≥3 grade anemia, neutropenia or thrombocytopenia due to chemotherapy, and lasted for more than 4 weeks; a known hypersensitivity to niraparib or any of the excipients of the product.

All patients with platinum-sensitive secondary recurrent OC will be screened for this study after a written informed consent has been obtained. The process of screening should be documented.

3. Outcomes {#sec3}
-----------

The primary objective is to assess the efficacy for 12-month non-progression rate of cytoreductive surgery followed by chemotherapy and niraparib maintenance compared with chemotherapy and niraparib maintenance in platinum-sensitive secondary recurrent OC patients who never received secondary cytoreduction when recurrent. The 12-month non-progression rate is defined as the non-progression rate within 12-months since randomization. Progression is defined as follow: 1) general condition deteriorates, or 2) increased level of serum CA125 according to GCIG criteria \[[@B12]\], or 3) new sign of lesions by clinical signs, imaging or histopathological diagnosis, or 4) new or re-emerging pleural effusion and ascites, or significantly increased volume of pleural effusion or ascites, or 5) increased measurable or non-measurable lesions diagnosed as disease progression according to RECIST 1.1 criteria \[[@B12]\]. Follow-up is that patients should receive regular follow-up once quarterly for the first 5 years, then every 6 months.

Secondary objectives are PFS, OS, treatment-free interval, safety and QoL. PFS is defined as the time from the date of randomization to disease progression/recurrence or death from any reason or last follow-up, whichever comes first. OS is defined as interval between date of randomization and date of death from any reason or last follow-up, whichever comes first. Treatment-free survival is defined as the time from the date of randomization to death from any reason or last follow-up, whichever comes first, minus each treatment period after randomization, including surgery and chemotherapy. Safety includes postoperative 30-day complications and adverse events of chemotherapy and niraparib according to the Common Terminology Criteria for Adverse Events version 5.0 \[[@B13]\]. QoL will be assessed by European Organization for the Research and Treatment of Cancer Quality of Life Questionnaire (EORTC QLQ) C30, EORTC QLQ OV28 and Functional Assessment of Cancer Therapy-Ovarian cancer at baseline, 6 and 12 months since randomization \[[@B14]\].

The exploratory objectives are the efficacy of niraparib in those patients who are evaluated with stable disease after chemotherapy, in those who previously received PARPi, in those who have no residual disease after secondary cytoreduction, and in those patients with single recurrent lesion. Data Monitoring Committee has been established to monitor patient safety and control the quality of trial.

4. Sample size {#sec4}
--------------

Based on the previous data on NOVA trial \[[@B10]\] and the third-line chemotherapy of OC \[[@B15][@B16]\], we estimated 12-month non-progression rate in no-surgery group as 45%. Given to the interim analysis report of DESKTOP III trial \[[@B7]\] and the exploratory analysis in our published AICE trial \[[@B17]\], we conservatively estimate the 12-month non-progression rate in surgery group can improve 25% compared with that in no-surgery group.

Therefore, assuming an anticipated 25% increase (from 45% to 70%) of the 12-month non-progression rate in favour of the surgery group, with an accrual time of 2 years, approximately 96 subjects will be randomized to surgery group and no-surgery group at a 1:1 ratio to ensure 80% power using a type I error rate of 0.1 (2-sided) to reject the null hypothesis. Considering 5% of drop rate, the sample size will be 102 patients.

5. Randomization and blinding {#sec5}
-----------------------------

Randomization was performed according to a randomization code generated by computer and by a centralized office with patient data screened by the principal investigator. The patients will be randomized to surgery group and no-surgery group at a 1:1 ratio by the stratified blocked method with block length of 6. The stratification factor is whether patient was enrolled in the SOC-1 trial (Evaluation of Secondary Cytoreductive Surgery in Platinum-Sensitive Recurrent Ovarian Cancer: A Phase III, Multicenter, Randomized Trial, [NCT01611766](http://clinicaltrials.gov/ct2/show/NCT01611766)) or not.

Blinding is not feasible since the surgical intervention can not be withheld from the patients and doctors.

6. Statistical methods {#sec6}
----------------------

The primary endpoint is 12-month non-progression rate. Secondary endpoints are PFS, OS, treatment-free intervals, 30-day post-operative complications, and QoL.

The primary analysis will use the intention-to-treat population. The 12-month non-progression rate will be compared between treatment groups by using the χ^2^ test. The trial was also structured, a priori, to assess progression-free and OS, with the significance level of 0.1. Progression-free and OS and treatment-free intervals will be compared by a 2-sided Log-Rank test. Kaplan-Meier method will be used for the survival distribution in each treatment group. Rates at fixed time points (e.g. 12 months) will be derived from the Life Table estimate. The Cox proportional hazard method will be used to calculate the hazard ratios and 95% confidence interval.

Exploratory analysis will be performed in the subgroup populations as follows, 1) recurrent lesions: single, localized and multiple lesions; 2) whether patient was enrolled in the SOC-1 trial or not; 3) whether patient was regularly followed up by gynecologic oncologist or not; 4) response to the third-line chemotherapy: complete, partial response and stable disease; 5) whether patient was received PARPi or not before randomization; 6) the residual disease after secondary cytoreduction.

DISCUSSION
==========

To date, there is no standard care for platinum-sensitive recurrent OC. The debate on efficacy of secondary cytoreduction is still open. In China, SCR is widely used in clinical practice of recurrent setting management for decades of years. Most of recurrent patients and their families in China tend to choose surgical treatment. Thus, more than 30% of patients in no-surgery group received secondary debulking surgery after randomization in SOC-1 trial. Among them, nearly 60% were diagnosed with secondary recurrence. The high percentage of treatment switching from control group to surgery could not reflect the efficacy of surgery. Therefore, we designed this SOC-3 trial and hypothesize that patients with secondary recurrence can still benefit from SCR. Assuming some of eligible secondary recurrent participants might be from the no-surgery group (control arm) in the SOC-1 trial, whether patients were enrolled in the SOC-1 trial has been considered as randomization strata (enrolled in SOC-1 or not). This is the first randomized trial, to our knowledge, to answer an important open question about SCR combined with niraparib maintenance in OC patients with platinum-sensitive secondary recurrence.
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